Interneuron progenitors from the embryonic medial ganglionic eminence (MGE) can migrate, differentiate, and enhance local inhibition after transplantation into the postnatal cortex. Whether grafted MGE cells can reduce ictal activity in adult neocortex is unknown. We transplanted live MGE or killed cells (control) from pan green fluorescent protein expressing mice into adult mouse sensorimotor cortex. One week, 2 and 1/2 weeks, or 6 to 8 weeks after transplant, acute focal ictal epileptiform discharges were induced by injection of 4-aminopyridine (4-AP) 2 mm away from the site of transplantation. The local field potential of the events was recorded with 2 electrodes, 1 located in the 4-AP focus and the other 1 in the transplantation site. In all control groups and in the 1-week live cell transplant, 4-AP ictal discharges revealed no attenuation in power and duration from the onset site to the site of transplantation. However, 2.5 or 6~8 weeks after MGE transplants, there was a dramatic decrease in local field potential power at the MGE transplanted site with little decrease in ictal duration. Surprisingly, there was no relationship between grafted cell distribution or density and the degree of attenuation. As remarkably low graft densities still significantly reduced discharge power, these data provide further support for the therapeutic potential of interneuron precursor transplants in the treatment of neocortical epilepsy.
Introduction
It is estimated that more than 30% of all epilepsy patients are refractory to conventional anti-epileptic medication [1] . A proportion of these patients may be candidates for surgery to remove the epileptic focus [1, 2] , but a significant fraction continue to have seizures without hope of further treatment.
The loss of neuronal inhibition has been demonstrated in a variety of epilepsy models and proposed as a possible mechanism for increased excitability. In fact, several interneuron subgroups have been associated with the suppression of seizures, including chandelier cells expressing parvalbumin (PV) [3] and basket cells expressing either somatostatin (SST), and/or neuropeptide Y [4] . As a result, transplantation of inhibitory interneurons into an epileptic focus may be a potential therapy for cases of pharmacoresistant epilepsy [5] .
A variety of transplantation strategies have been used to suppress epileptic activity, such as the use of immortal cell lines engineered to produce gamma-Aminobutyric acid (GABA) [6] , and embryonic stem cell-derived adipose Estanislao De la Cruz and Mingrui Zhao contributed equally to this study Electronic supplementary material The online version of this article (doi:10.1007/s13311-011-0058-9) contains supplementary material, which is available to authorized users. tissue engineered to release the potent anti-epileptic adenosine [7, 8] . However, only recently have advances in understanding cortical interneuron origins [9] and appreciation of their remarkable ability to migrate and survive after transplantation into neonatal or adult cortex [10] ultimately led to interneuron transplantation studies to treat seizures in rodents [11] [12] [13] . Although species differences with primates appear to exist, in rodents and ferrets most cortical interneurons, including the PV and the SST expressing subgroups, originate in the medial ganglionic eminence (MGE) of the subcortical telencephalon [14] . Genetic fatemapping and transplantation studies indicate that within the MGE there is a bias for PV or SST expressing interneurons to originate from ventral or dorsal MGE regions, respectively [15] [16] [17] . Transplanted MGE cells not only differentiate into mature GABAergic (gamma-aminobutyric-acid-releasing) interneurons, but also form inhibitory synapses that increase GABAergic synaptic transmission onto adjacent pyramidal cells [18] and alter cortical pyramidal neuron plasticity [19] .
Three recent studies have indeed presented evidence that transplantation of MGE-derived interneuron precursors can reduce seizure activity. In the first study, transplants into neonatal neocortex reduced generalized seizures and modestly improved survival in a genetic model of cortical hyperexcitability [12] . In the second study, reduced seizure threshold produced in adult mice by selective killing of hippocampal interneurons was normalized by transplantation of MGE-derived interneurons [13] . Finally, MGEderived neural stem cells transplanted into adult hippocampus reduced kainic acid-induced kindled seizures, although in this study the grafts included many astrocytes [11] . Despite these advances, important questions remain about this promising therapy. For example, how soon after transplantation do the anti-seizure effects appear? Is this therapy use effective against other types of ictal events, such as focal neocortical seizures? Finally, is there a rapid method to screen transplant efficacy in an acute in vivo model?
To address these questions, we investigated the relationship between the quantity of surviving MGE transplants and their anti-epileptic effect using a model of focal injection of 4-aminopyridine (4-AP), which is a potent convulsant that acts by blocking slowly inactivating potassium currents [20] and enhancing the release of synaptic neurotransmitters [21] , which elicits focal ictallike events that initiate spontaneously and propagate horizontally [22] . Although the pharmacoresistance of focal neocortical 4-AP injection in vivo has not been tested, intraperitoneal injection and in vitro data indicate at least partial pharmacoresistance [23] [24] [25] [26] [27] . Although the 4-AP model is not a model of chronic epilepsy, it is advantageous as a rapid throughput screen of anti-epilectic therapy [28] . Herein, we describe that MGE transplants dramatically reduce seizure propagation indicating that acute focal injection of 4-AP can be used as a high throughput model to assess cell transplant therapeutic efficacy.
Materials and Methods

In Vivo Transplantation
All experimental procedures were approved by the Weill Cornell Medical College Animal Care and Use Committee following the National Institutes of Health guidelines. Green fluorescent protein (GFP) expressing transgenic mice were maintained on a CD1 background. At 13 days of gestation (E13.5), dams were sacrificed and the GFP+ embryos were placed in ice-cold Hank's buffer. The brains were removed and the ventral forebrain was exposed by removing the dorsal and lateral region of cortex. MGE cells are then harvested from 250-μm sections by first gently freeing the dorsal and ventral MGE from the adjacent tissue and then by mechanically dissociation (Fig. 1 ). Cells were then re-suspended in Neurobasal/B27 medium (Gibco/Invitrogen Grand Island, NY) and kept on ice until transplantation.
Adult CD1 mice 6 to 8 weeks old were initially anesthetized with 1.5 to 2% isoflurane in 70% N 2 :30% O 2 by face mask and mounted in a stereotaxic frame. Mice were maintained on 1.5% isoflurane in 70% N 2 :30% O 2 . An incision was made in the midline to expose the skull. A burr hole was drilled above the motor cortex. A total of 1.5×10 4 cells per mouse in 1.5~2.0 μl volume was stereotaxically injected into the motor cortex (coordinates related Bregma: -0.7 mm anterior, -1.0 mm lateral, and −1.0 mm ventral) by a Nanoject II injector (Drummond Scientific Broomall, PA). Dead cells transplanted by the same procedure into separate groups of animals were used as controls. Dead cells were generated by taking an aliquot of the same GFP+MGE cells prepared for live cell transplants, but killing them by freezing and thawing (at −80 o C, 1 minute×3) immediately prior to transplantation. No GFP-expressing cells were detected in sections through the region of dead-cell transplants (data not shown).
Epileptogenesis and Electrophysiology
In 3 separate experiments, either 1, 2.5, or 6~8 weeks after cell transplantation, adult male CD1 mice (27 to 35 g) were initially anesthetized with 1.5 to 2% isoflurane and maintained on 1.0~1.5% isoflurane in 70% N 2 :30% O 2 by face mask. The mouse was maintained to be stable and carefully monitored as previously described [22] . Animals were placed in a stereotaxic frame. An~3×4-mm cranial window was opened over 1 hemisphere to expose somato-sensory cortex. Ictal discharges were induced by injecting 4-AP (Sigma, St. Louis, MO 15 mM in 0.9% saline, 0.5 μl) through a single-barreled glass microelectrode (impedance, 2-4 MΩ) using a Nanoject II Injector placed 2 mm away from the site of the transplant. The local field potential (LFP) was recorded with 2 electrodes. Ictal onset was recorded from the same electrode used for 4-AP injection of the local field potential (LFP-1). Ictal propagation was recorded from the site of transplantation of the local field potential (LFP-2), which was identified by the injection burr hole. The LFP-2 electrode was filled with 0.9% saline (impedance, 2-4 MΩ). LFP was amplified (gain=1000) and filtered between 0.1 and 1000 Hz using an AC/DC Differential Amplifier (Model 3000, A-M Systems, Carlsborg, WA), and recorded by a CED Power 1401/Spike2 system at 1000 Hz (Cambridge Electronic Design, Cambridge, UK). The amplitude and duration of spontaneous ictal epileptiform events were recorded at each of the two LFP electrodes, 1 in the 4-AP focus (LFP-1) and the other in the region of the cell transplants (LFP-2) to determine propagation efficacy. After the recordings were complete, animals were transcardially perfused with 4% paraformaldehyde in phosphate buffered saline and postfixed overnight at 4°C. Brains were then sectioned in the coronal plane at 50 μm on a vibratome. Primary antibodies used for immunofluorescence labeling included anti-rabbit GFP (Molecular Probes, Eugene, OR 1:2000), anti-mouse parvalbumin (Swant, Bellinzona, Switzerland 1:5000), anti-rat somatostatin (Chemicon, Temecula, CA 1:200), anti rabbit Ki-67 antibody (Thermo Scientific, Rockford, IL 1:500), and anti-rabbit Iba1 (ionizing calcium-binding adaptor molecular 1) antibody (Wako Chemicals, Osaka, Japan 1:1000). The following secondary antibodies were used: anti-rabbit 488 (Molecular Probes, 1:500), anti-mouse 568 (Molecular Probes, 1:500), and anti-rat Cy5 (Jackson ImmunoResearch Laboratories, Inc, West Grove, PA 1:500). The cell distribution was calculated by taking the average of the sections 200 μm apart, which constitutes a bin, and multiplying the result by 5 ("see Supplemental Material for details").
Data Analysis
The offline analysis was performed using custom analysis software written in MATLAB (MathWorks Natick, MA). Ictal onset could be easily determined by visual analysis of the LFP-1 recording based on the morphology of the seizures. In the 4-AP model, most epileptiform discharge start with a large spike-and-wave, followed by a recruiting rhythm that evolves into repetitive spike-and-wave discharges that dissipate with progressive decrease in amplitude and increase in interspike interval, epileptiform events last for an average of 54.6 ± 4.4 seconds. To eliminate any ambiguity in defining seizure onset, seizures that initiate with a large spike were included ("see Supplemental Material Fig. S1 for details"). These discharges bear a striking resemblance to spontaneous human seizures [29] . Ictal termination was determined by eye by 2 separate nonblinded observers independently assessing when the tracings returned to their baseline, pre-ictal activity. Total LFP (ΣLFP) power was calculated as an integral of the area above 2 standard deviation baseline activity under the response curve of each event. Baseline activity was measured for a 2-second epoch prior to the initiating spike. The ratios of ΣLFP power and duration from LFP-1 were compared to LFP-2 to establish the effect of MGE cells transplantation on each epileptiform event. Comparisons between the 2 groups were performed with 2-tailed t tests. Significance was set at p <0.05. For all figures, error bars represent standard error of the mean.
Results
Survival and Differentiation of MGE-Derived Cells
Transplanted into Adult Neocortex MGE-derived progenitors transplanted into both neonatal and adult mouse cortex have been shown to migrate, survive, and differentiate into several subgroups of cortical interneurons [10, 15, 17, 18] . Relative to progenitors of the cortex, striatum, or hypothalamus, this migration was found to be unique to MGE-derived progenitors [10] . Accordingly, in our experiments, 1 day after transplantation into layers 2 to 6 of the 6-~8-week-old cortex, GFP +cells were distributed close to the injection site (Fig. 1b) with many cells exhibiting a bipolar morphology typical of migrating interneurons (Fig. 1c) . Consistent with previous findings that MGE cells exit the cell cycle at the time of transplantation or shortly after transplantation [30] , there was minimal co-labeling of GFP and Ki-67 at 1 day posttransplant ( Fig. 1b) . Approximately 16 h after cell transplantation, the proliferation of MGE cells was examined by Ki-67 immunofluorescence labeling. Ki-67 is a nuclear protein, expressed during late G1 (Gap 1), S (Synthesis), M (Mitosis), and G2 (Gap 2) phases. Less than 1% of the GFP+cells labeled for Ki-67 (Fig. 1b) , suggesting that only a small percentage of the transplanted embryonic day (E) 13.5 MGE cells were still undergoing cell division in the adult brain after 24 h. Indeed, no tumors or cysts were found in any of the transplants analyzed in this study.
Two months after transplantation, extensive migration of cells had occurred to a distance of approximately greater than 1 mm away from the injection site in all directions (Fig. 1c) . There was no significant difference in the migration of cells arising from the dorsal MGE (dMGE) compared with the ventral MGE (vMGE) (Fig. 1c) . The transplanted cells tended to have multipolar dendritic morphologies, and were aspiny or sparsely spiny. Co-labeling with GABA revealed that 54.01±4.39% of dMGE transplants and 57.44±3.56% of vMGE transplants express detectable levels of GABA (Fig. 2a, d ). Of note, GABA-labeling in these preparations is weak because glutaraldehyde fixation was not used due to its weakening of labeling for the other markers. Although a relatively small population of multipolar, sparsely spiny, cholinergic interneurons of the striatum may also originate in the MGE, we have detected no co-labeling for the cholinergic marker ChAT in MGE transplants into either the neonatal or adult neocortex (data not shown).
To determine whether MGE-derived progenitors acquire the predicted neurochemical characteristics of cortical interneurons after transplantation into adult neocortex, transplanted GFP+ cells were examined by immunofluorescence for the interneuron subgroup markers PV (Fig. 2c) or SST (Fig. 2b) . Counts of cells in triple-labeled (PV-SST-GFP) sections revealed that in dMGE transplants (n=7), 39.54±3.80% express SST and 12.49±2.73% express PV. In vMGE transplants (n=9), 38.29±4.86% express SST and 16.59±3.89% express PV (Fig. 2b) . In summary, we did not see a difference in expression of SST and PV from either dMGE or vMGE. At 1 week, 2.5 weeks, and 6~8 weeks after transplantation, >80% of the cells transplanted were located within 500 μm of the injection site in both rostral and caudal directions.
Impact of MGE Transplants on Seizure Propagation
We assessed the ability of MGE-derived transplants to influence epileptiform activity using focal injection of 4-AP, a potent convulsant and K+−channel blocker [20] . In 6 to 8 weeks after transplantation, a focus was created with 4-AP located 2 mm away from the transplant site. LFPs were recorded from the 4-AP focus (LFP-1) and the cell transplant site (LFP-2), respectively (Fig. 3a) . Previous studies have found that neural transplants can transiently decrease seizure threshold or create a focus in a subset of cases [31, 32] . For this reason, we recorded a 15-minute baseline period from both LFPs prior to injecting the 4-AP.
No abnormal activity, such as interictal spikes, polyspikes, or ictal discharges were identified in any of the experiments (data no shown). This suggests that neither the injected control cells nor MGE cells created epileptiform activity.
In the control groups, the ratio of seizure duration and seizure ΣLFP power between killed cell site and 4-AP site were 0.994±0.004 and 1.018±0.152 (n=6 mice; 81events). This indicates that each ictal event quickly propagates from the focus to the cell transplant site 2 mm away (Fig. 3b) . However, the ratio of seizure ΣLFP power decreased to 0.330±0.127 (n=8 mice; 143 seizures) and 0.329±0.082 (n=9; 169 events) in the dMGE and vMGE groups, respectively. Both dorsal and ventral MGE transplants significantly reduce the power of 4-AP induced discharges relative to killed cell controls (dMGE vs control; p<0.001; vMGE vs control; p < 0.01; Fig. 3c ). There was no significant difference between dMGE group and vMGE group in the ratio of ictal ΣLFP power (p>0.99). The ratio of ictal duration of dMGE group and vMGE group changed to 0.960±0.016 and 0.920±0.032, respectively. Only vMGE cells significantly reduced seizure duration (p<0.05; Fig. 3c ). Analysis of each individual event also showed that MGE 
Effect of Transplant is Independent of Cell Number
For the 6-~8-week transplant groups, the number of transplanted cells was estimated by counting the number of cells in 4 bins across a 1-mm distance. The average cell number was 264±69 (n=7 mice) and 224±59 (n=9 mice) for dMGE and vMGE groups, respectively (not significant; Fig. 4a ). To further investigate the relationship between the number of transplant cells and the attenuation of ictal power propagation, we plotted cell transplant number against the ratio of LFP-2/LFP-1 power, a value that represents efficacy in attenuation of propagation. We presumed that inhibitory neuronal cell density would correlate with efficacy, consistent with the notion that the transplanted cells were making inhibitory synapses on the surrounding pyramidal cells and dampening down the excitatory activity, as has been hypothesized in prior publications [12] . Surprisingly, there was no significant correlation between cell number and the LFP-2/LFP-1 ratio (Fig. 4b) . These results indicate that the mechanism of action of MGE transplants to attenuate ictal power is independent of transplant cell number, at least above the level of a surprisingly low threshold (Fig. 4b) .
Latency of Transplantation Effect
Since the reduction in ictal power did not correlate with cell transplant number, suggesting that inhibitory synaptogenesis may not play a direct role in the effect of interneuron precursor transplantation, we explored the possibility that an effect might be recognized earlier than 6~8 weeks after transplantation, before the majority of synapses are formed. For this approach, we repeated our transplantation experiments and recorded the effect at an earlier time point, 2.5 weeks posttransplantation (Fig. 5a ). The ratio of ictal duration between LFP-2 and LFP-1 was 1.013±0.17 (n=4 mice; 53 events) in the control group, respectively and 0.984±0.010 (n=6 mice, 59 events) in the MGE transplant group, which was not significantly different (Fig. 5b) . When we compared the ratio of ictal power in LFP-2 and LFP-1 there was a dramatic decrease, from 1.152±0.017 in the control group to 0.435± 0.099 in the MGE group (p=0.039; Fig. 5b) . As in the 6-to 8-week transplants, there was no effect of cell number of efficacy and a surprisingly small number of cells was capable of exerting a significant effect (Fig. 4c, d) .
To further investigate the effect of early transplantation, we studied ictal power 1-week post-transplant. At this early time point, there was no effect of the transplants on either duration or power (Fig. 5d-f) .
Discussion
It has been more than 100 years since Thompson's earliest attempts at neural grafting in the brain [33] , yet only recently have researchers begun the modern era of neural transplantation. The strategy of using stem cells as a drug delivery system for brain tumors has been applied in the rodent for >10 years [34] . Additional studies showed that the delivery of glial cell line-derived neurotrophic factor through engineered human neural progenitor cells improved neurons survival and function in the rodent models of Huntington's disease, Parkinson's disease, and amyotrophic lateral sclerosis [35] [36] [37] [38] . Likewise, transplantation of MGE cells into the epileptic cortex has been proposed as a cell-based therapy for medically intractable epilepsy. Early approaches involved transplants of immortalized cortical neurons that reversibly overexpress GABA [6, 39] . Transplants of these cells into the substantia nigra or dentate gyrus suppressed kindled hippocampal seizures [40] . Another promising approach involved the transplantation of embryonic stem cells engineered to produce adenosine [7, 8] . The current study takes an alternate approach from these studies in that the cells used for transplantation derive from the embryonic source of most [12, 13, 18] . In this report, we confirm the therapeutic efficacy of these transplants and extend the indications to adult rodent neocortex. Also, in particular, an acute model of neocortical seizures can be used as a rapid throughput screen of transplant therapy. Although we have shown the efficacy of MGE transplants in this model, it is unclear how MGE transplants compare with more traditional anticonvulsant therapy, such as standard anti-epileptic medications, because a direct comparison was not performed.
Alvarez-Dolado et al. [18] have shown that grafted MGE cells migrate up to 5 mm in the postnatal rodent brain and demonstrate firing properties of mature interneurons. Likewise, adjacent pyramidal cells exhibit increases in inhibitory postsynaptic potentials. However, only 20% of the cells survive. Baraban et al. [12] then showed that grafted MGE cells exhibit anti-epileptic effects in a Kv1.1 mutant mouse model of generalized epilepsy and demonstrated synaptogenesis at posttransplantation day 30 by electron microscopy, in addition to increases in inhibitory tone. Zipancic et al. [13] demonstrated reduced seizure threshold after transplantation of MGE cells into the adult hippocampus of a rodent model receiving a neurotoxin against GABAergic subpopulations in the hippocampus. However, only 20% of the grafted cells survived. None of these previous studies included paired cell recordings to convincingly demonstrate that the surviving MGE-derived interneurons were directly making functional inhibitory synapses on the Assessment of cell survival indicates that only~20% of transplanted cells survive [12, 13, 18] . In addition, although migration occurs up to 5 mm from the site of transplantation into early postnatal host neocortex, cell density is highest at the site of transplant and then falls off dramatically after~1 mm [18] . In adult hosts, transplants migrate only 1 to 2 mm with similar drop-off [10, 13, 18] . These data raise the question of how such limited numbers of surviving focally transplanted cells can successfully impact a network-based widespread disease such as epilepsy. Although patched adjacent pyramidal cells exhibit increases in inhibitory postsynaptic potentials (IPSPs), the lack of paired-cell recordings raises the possibility that the increase in GABAergic inhibition may not be arising from synaptic activity of the transplanted cells themselves [13, 18] . If the anti-epileptic effect of transplanted MGE cells is based on increased inhibitory tone arising from the synaptic connections of the transplanted cells, one would expect a relationship between the number of surviving cells and their anti-epileptic effect. However, this relationship has not been previously investigated. In addition, although transplants into the neonatal cortex have shown anti-epileptogenesis [12] , indicating a potential therapy for newborns destined to develop seizures, it is unclear if similar transplants into the adult neocortex will be an effective anti-epileptic therapy for ongoing seizures. Although medication is generally the first-line therapy for epilepsy, anticonvulsant drugs are not always effective in all patients with epilepsy. Surgical removal of the epileptic focus provides an alternative strategy for treating focal epilepsy, but may cause significant side effects and can be morbid to adjacent functional cortex. MGE cell therapy for focal neocortcal epilepsy is potentially equally effective as surgical therapy with less morbidity.
In this study, we demonstrate the ability of MGE cells to cause ictal attenuation in a model of focal neocortical ictal epileptiform events in adult rodent. This effect was pronounced, occurring as early as 2.5 weeks after cell transplantation. Although transplanted MGE cells demonstrate neurite outgrowth as early as 1 week after transplantation in adults (Fig. 1e) , it is unlikely that such a small number of immature cells would have such a profound impact on ictal epileptiform events propagation using a synaptic mechanism. Likewise, variations in cell survival should dramatically influence a synaptic effect. Although synaptic mechanisms may play a partial role in discharge attenuation, other mechanisms are likely involved. One possibility is tonic inhibition from extrasynaptic GABA onto the GABA A -R α4 subunit [41] . GABA-mediated tonic inhibition has been shown to inhibit seizure activity, such as the anticonvulsant vigabatrin, which inhibits GABAtransaminase, increases the concentration of GABA in the brain [42] , resulting, in part, from nonvesicular release of GABA [43] . Indeed, Baraban et al. [12] demonstrated an increase in extrasynaptic GABA in a previous study of MGE transplants. However, increasing synaptic and extrasynaptic GABA pharmacologically was not efficient in attenuating 4-AP events in a previous study [28] . Likewise, one would expect cell survival to influence extrasynaptic GABA levels as well. A further study of the mechanism of MGE transplants using GABA A -R α4 knockout mice and in vitro paired recordings was clearly warranted.
Another possible mechanism is transplant-induced microglial reactivity. Although little is known about microglial response to embryonic transplant cell in adult brain, we did not find any increase in microglia proliferation around our transplants rendering this mechanism less likely ("see Supplemental Material for details").
Previous studies have shown that transplants of dorsal or ventral regions of E13.5 MGE, placed into the isochronic MGE in utero [16] , or into the neonatal neocortex [15] , result in a bias in favor of SST+interneurons in the dMGE transplants, and PV+interneurons in the vMGE transplants. In this study, however, we did not see evidence for this bias (Fig. 2) . The reason for this discrepancy is not clear, but it may have to do with differential survival of interneuron subgroups after transplantation into the adult cortex vs embryonic or neonatal hosts. In addition, the relatively low percentage of PV colabeling from either source ( 20%; Fig. 2) , and relatively high percentage number of aspiny, multipolar cells that did not express either marker, may suggest that transplantation into adult mice may result in inadequate excitatory drive to detectably induce this activity-regulated protein.
Consistent with the similar composition of dMGE and vMGE transplants, there was no difference in reduction of ictal power from either transplant source (Fig. 3) . Future studies using more spatially and temporally defined regions may better explore the ability of distinct interneuron subgroups to influence ictal discharges in this and other models. In addition, as electrophysiologically and neurochemically-defined cortical interneurons have recently been generated from embryonic stem cells, it may soon be possible to generate specific interneuron types from this resource [44] , opening up the possibility of studies that determine which interneuron subclass is most efficacious for blocking different types of discharges. Furthermore, inter-animal variability has important implications in cell therapy [45] . Seizure duration, susceptibility to therapy and response can all be animal-dependent. Hence, response to therapy must be assessed in groups of animals and compared with like controls.
In summary, we provide evidence that MGE progenitor cell transplantation attenuates ictal power in the adult brain as early as 2.5 weeks after transplantation in a manner that is independent of cell survival greater than a low threshold. These findings suggest that the precise mechanism of this cell-based therapy is not purely synaptic. The reproducibility and ease of induction of ictal epileptiform events make the 4-AP model a useful rapid-throughput screen for the efficacy of cell-based therapy for focal neocortical seizures.
